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STUDIES OF THE RUST ON SETARIA ITALICA 
By T. S. RAMAKRISHNAN, F.A.SC. AND N. V. SUNDARAM 
Received April 20, 1955 


Tenal or Korra (Setaria italica Beauv.) is one of the millets cultivated in 
many states of South India. This is subjected to a rust disease caused by 
Uromyces setarie italice (Diet.) Yoshino, which in some years inflicts 
heavy damage to the crop. Epiphytotic outbreaks of this rust have been 
recorded from Bellary in 1944 when it caused complete destruction of the 
crop in several villages. In Tudiyalur (Coimbatore District) where suc- 
cessive crops are raised in a year, under irrigation, severe damage has been 
observed during many years. In this area the rust has been observed 
throughout the year. The intensity of infection varied in different seasons. 
High incidence of the rust is prevalent in June and July and from October 
to January. The crop is liable to be affected in all stages of its growth. 
The greatest damage and reduction in yield occur when the infection 
commences before the flowering stage. The appearance of the rust after 
the grains are set does not cause any appreciable reduction in yield. 


This rust has been recorded from various parts of the world and is 
reported to have a wide host range. S. italica, S. verticillata, S. glauca, 
S. intermedia and S. viridis have all been recorded as hosts for this rust 
(Sydow, 1910). Ramakrishnan (1949) has observed that the rust from 
S. glauca does not pass on to S. italica or vice versa and has concluded that 
specialisation appeared to exist in this rust. Further studies were carried 
out on the pathogenicity of the rust occurring on S. italica, on other grasses 
and species of Setaria occurring in the locality. The control of rust diseases 
by direct fungicidal protection of the crop is laborious and uneconomic 
especially in millets. The cultivation of resistant varieties if available is 
bound to be the cheapest and the most efficient method of combating the 
disease. With this end in view, observations were made on the relative sus- 
ceptibility of the different selections, varieties and cultures of S. italica 
available at the Millets Breeding Station, Coimbatore, and the Agricultural 
Research Station, Hagari, and some varieties obtained from Japan by the 
Cytogeneticist, Coimbatore. The results of these studies are embodied in 
this paper. 

MATERIALS AND METHODS 


The rust was maintained throughout the period of experimentation on a 
susceptible culture of S. italica—S.1. 3560, to provide inoculum for the 
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infection studies. The assessment of the reaction of selected cultures was 
made under greenhouse conditions on healthy plants specially raised for the 
purpose. One-month old plants were used and they were covered with 
bell-jars for three days after inoculation. The intensity of infection in other 
cultures was assessed under field conditions where each culture was grown 
in rows flanked by rows of the susceptible variety (S.I. 3560) on either side. 
The intensity of rust incidence was estimated by using the modified Cobb’s 
scale (Chester, 1946). Onion and garlic juices were prepared by mashing 
weighed quantities of the bulbs in known volume of water. The spores were 
floated in drops of water or other juices on slides kept inside Petri dishes 
lined with moistened filter-paper for germination studies. 


EXPERIMENTS AND RESULTS 


It was reported from the Agricultural Research Station, Hagari, that a 
number of cultures of S. italica were highly resistant to the rust. In order 


TABLE I 
Relative reaction of resistant cultures from Hagari 


Intensity Intensity Intensity 
Culture of Culture of Culture of 
infection infection infection 
Hagari | 40 Hagari 25 40 HK 364 65 
2 40 25 HK 365 65 
a 3 40 Se 40 HK 367 65 
ms 4 65 <a 40 HK 368 65 
5 40 40 R 4 100 
6 65 65 R 5 100 
7 65 40 R 7 100 
8 65 40 R 9 100 
pe 9 40 a aan 40 R 13 100 
65 wa 25 R 28 100 
65 25 R 19 100 
40 25 R 20 100 
fe 13 40 ae 25 R 21 100 
» 14 40 » 38 25 R 26 100 
15 40 40 R 28 100 
a 40 » 40 40 R 34 100 
40 25 R 36 100 
a 18 25 os = 25 R 37 100 
25 8 40 R 38 65 
25 40 R 41 100 
oe 25 ~ = 25 R 46 65 
25 46 25 R 81 100 
25 40 R 91 100 
oa 25 HK 362 40 S.I. 3560 100 
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to test their reaction under artificial inoculation the seeds of these cultures 
were obtained from Hagari and the plants raised from them were subjected 
to artificial infection under greenhouse conditions. The intensity of infection 
obtained with the different cultures is given in Table I. 


The results indicate that the cultures could only be classified as either 


moderately or highly susceptible and not as resistant, since the lowest intensity 
of infection was only 25 per cent. 


The assessment of 339 cultures available at the Millets Breeding Station 
regarding their relative reaction was carried out in the field for three seasons. 
Of these only culture—S.I. 5050, exhibited 25 per cent. plant infection. All 
the rest had over 40 per cent. infection. Two hundred and eleven cultures 


were 100 per cent. infected while in the others the intensity varied between 
40 and 65 per cent. 


Four foreign geographic races of S. italica, viz., German, Russian, Siberian 
and Italian cultures, which were available with the Cytogeneticist were 
artificially inoculated to assess their reaction to the local isolate for the rust. 

TABLE II 


Results of inoculation on the Japanese varieties 


No. of N Intensity Incubation 
Name of variety leaves inf ied of period 
inoculated — infection in days 
Yamada .. 20 Nil 
Shira hama 20 
Jiro Awa 20 de 
Honen .. 20 
Kokubu Awa 20 
Kuro Tsume <a 20 3 Stray 7 
Taiso Shiro Awa .. 20 4 a 8 
Komabara Shiguru 20 6 2 8 
Uruchi Awa 20 10 Less than 5 7 
Shimabara 20 14 Less than 5 8 
Wase Awa 20 17 5 9 
Hozen Akakuki 20 20 25 8 
Mochi Awa 20 20 25 8 
Tomioka 20 20 40 8 
Komamoto aia wi 20 20 25 7 
Komamoto Kokubu No. 2 20 20 65 7 
Syowa Moti 20 20 65 7 
Shindan .. <a 20 20 100 8 
S.I. 3560 (Standard) 20 20 100 8 
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All of them were found to be equally susceptible and on a par with the 
standard—S.I. 3560. 


Eighteen varieties of S. italica obtained from Japan were kindly sup- 
plied by the Cytogeneticist, Coimbatore. These were subjected to artificial 
infection and the results are presented in Table II. 


The results indicate that five varieties are immune as they were not 
infected even after repeated inoculations. Three others had only a few sori 
on them and must be classed as very highly resistant. In yet another three, 
there was only about 5 per cent. infection. Thus eleven varieties in all were 
found to be satisfactory for resistance to rust. These were grown in small 
plots in the field. Here again it was found that no rust appeared on the first 
five varieties. Honen and Taiso Shiro Awa came up satisfactorily and 
produced good-sized ears with good setting. These varieties appear to be 
suitable for this tract and are worth multiplying. The studies on the reaction 
of the different varieties have shown that all the indigenous varieties are 
susceptible to the local isolate of the rust. But among the Japanese varieties 
included in the experiments there are several varieties which are either 
immune or highly resistant under Coimbatore conditions. The Cytogeneti- 
cist states however that the Japanese authorities who supplied the original 
seeds had not claimed any resistant character for any of these varieties in 
their home country. 


REACTION OF OTHER SPECIES OF Setaria AND OTHER GRASSES 


To find out whether other species of Setaria occurring in the locality 
or any grass served as collateral hosts for this rust, inoculations were carried 
out with the isolate from Tenai on four species of Setaria and two grasses. 
The results are recorded in Table III. 


TABLE III 
Results of inoculation on Setaria spp. and grasses 


No. of leaves No. of leaves Incubation 


Host inoculated infected period 
in days 
S. italica 30 30 8 
S. verticillata .. 30 Nil 
S. intermedia .. 30 
Eriochloa procera 30 25 9 


Panicum repens 30 Nil 
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The local isolate of the rust from S. italica does not pass to other 
species of Setaria though Uromyces setarie@ italice has been recorded 
on these species of the host. It is however interesting to note that E. procera, 


a grass commonly found on field bunds throughout the year, serves as a col- 
lateral host for this rust. 


GERMINATION STUDIES 


It has been reported that garlic juice when smeared on rose leaves con- 
trolled rust infection (Yorgenson, 1952). In order to find out whether garlic 
or onion juice had any effect on the germination of or infection by the rust 
under study, experiments were laid out. The influence of different con- 
centrations of garlic and onion juices on the germination of urediospores 
was first tested. Viable spores were floated on drops of the juices and the 
percentage of germination observed. The results are given in Table IV. 


TABLE IV 
Germination of urediospores in garlic and onion juices 


Average percentage of 
germination in 


Strength of juice 
Garlic juice Onion juice 


20 per cent. ar i 82 85 
40 per cent. 60 66 
80 per cent. at si 41 42 
Undiluted ihe 19 21 
Tap water 90 


The undiluted juices of garlic and onion inhibited the germination of 
the urediospores considerably. But they did not completely arrest germina- 


tion. There was gradual reduction in the percentage of germination as the 
concentration increased. 


In another series of experiments different concentrations of the juices 
were smeared on the leaves of healthy plants of the susceptible variety 
(S.I. 3560) and then inoculated with equal quantities of viable urediospores. 
The results showed that the leaves smeared with the undiluted juice of either 
onion or garlic exhibited 35 per cent. infection while the control had 100 
per cent. There was gradual reduction in the intensity of infection as the 
concentration increased. However these juices did not control the inci- 
dence to a degree to be useful. Nor is the treatment economical and there- 
fore is of no practical value. 
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SUMMARY 


The relative reaction of the alleged resistant cultures of Tenai from the 
Agricultural Research Station, Hagari, and 339 cultures available at the 
Millets Breeding Station, Coimbatore, to rust infection was assessed at 
Coimbatore. All of them were found to be susceptible in varying degrees. 
Four geographic races of the millet were also found to be susceptible. 
Among eighteen varieties obtained from Japan, eleven were found to be 
satisfactory, five of them being immune. Two of them produced good ears 
and are worth multiplication. The rust did not infect other local species 
of Setaria but passed on to Eriochloa procera. Juices of garlic and onion 
inhibited the germination of the urediospores to some extent but not com- 
pletely. 


We wish to express our indebtedness to the Millets and Pulses Specialist, 
Coimbatore, the Cytogeneticist, Coimbatore, and the Superintendent, Agri- 
cultural Research Station, Hagari, for supplying the seeds of the various 
cultures. To the Millets Specialist we are further obliged for laying out the 
field trials. We are thankful to Sri. C. L. Subramaniam for assistance in 
some of the inoculation experiments. 
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EXPLANATION OF PLATE 


Fics. 1-3. Fig. 1. A rowof one culture showing the damage caused by the rust. Fig. 2. 
The variety ‘‘ Honen ” exhibiting good ears and freedom from rust. Fig. 3. The variety ‘ Taiso 
Shiro Awa” showing well-packed ears and also very high resistance to rust. 
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LIMB BREAKAGE IN CITRUS 


By T. S. RAMAKRISHNAN, F.A.Sc. 


Received March 17, 1955 


IN recent years heavy damage has been caused in some orchards of Citrus 
sinensis and C. aurantifolia in the districts of North Arcot and Cuddappah 
by the breakage of large branches (limbs) bearing heavy crops of fruits at 
the junction of the branch and the stem. This usually occurs in the months 
of October to December and is aggravated by the prevalence of strong winds. 
The breakage of such large limbs results in the reduction of the cropping 
capacity of the trees. Sometimes large portions of the bark and wood of 
the main stem on one side are torn away when the limbs break. These wounds 
allow the entry of wound parasites like Diplodia natalensis and Ganoderma 
lucidum which cause further damage and destruction. The trees become 
unthrifty with several branches exhibiting die-back symptoms. In course of 
time they have to be grubbed out rather than be allowed to remain in the 
orchard. 


In most of the cases the breakages are evident in the lower branches. 
Sometimes secondary branches may give way at the forks. The broken ends 
when examined reveal white mycelial plates extending into varying lengths 
in the woody region which is also soft and rotten. When these portions 
become exposed to humid conditions a whitish soft velvety growth envelopes 
the exposed surfaces. But fructifications were not evident in any of the 
affected plants at the time of inspection in the month of February. Further 
observations could not be made as the affected branches were removed and 
destroyed. 


Damage to the main stem and limbs of Citrus trees is known to be caused 
by G. lucidum and D. natalensis in this tract. But these two fungi do not 
give rise to the peculiar mycelial growths on the exposed surface. Infection 
initiated by Diplodia can be easily spotted by the pycnidial development on 
the bark of the affected branches. G.lucidum forms the sporophores 
on the stem and the mycelial development of this species on the tissues is 
quite different in appearance. Heart rot of wood of Citrus is reported to be 
initiated in other countries by Diplodia (similar to D. natalensis) and later 
followed by Polystictus versicolor and Stereum sp. producing a soft pow- 
dery condition of the wood after a year or two. Schizophyllum commune 
has also been known to become established on dead wood and slowly advance 
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into sound wood (Fawcett, 1936). The peculiar development of the velvety 
growth in the specimens examined suggested that a different fungus may be 
involved. Therefore typical affected portions were removed from the branches 
and the fungus was isolated from them. 


The isolation was made by transferring bits of the affected tissues 
removed aseptically from inside the wood on to oatmeal agar. In all the 
dishes, the resulting fungal growths were identical producing radiating dense 
white mycelial development. From these, pure cultures were obtained 
by transferring single hyphal tips. The isolates grew luxuriantly on oat- 
meal agar. A white, slightly woolly growth occurred on the agar medium 
and several strands grew up the sides of the dishes. Even after four weeks 
there was no evidence of sporulation. 


In order to induce sporulation the isolates were inoculated on plant 
tissues. Four-inch pieces of orange stem, coconut petiole and coconut roots 
were kept resting on 20c.c. of oat agar in Erlenmeyer flasks and then 
sterilised. After sterilisation small bits of the pure culture of the fungus 
were placed on the tissues. Profuse mycelial growth formed on the orange 
stem while on the coconut tissues the growth was more or less stringy. On 
orange stem the growth was dense and woolly. It was white to begin with 
but slowly changed into cream and then buff. At the upper end thickened 
buff coloured formations were evident. The margin of the growth on the 
sides of the flasks was also thickened and deeper coloured. Irregular pores 
were observed in the thickened portions, but no spores were formed. The 
hyphe were mostly thin-walled. Near the thickened edges clamp connections 
were noticed in some of the hyphe. On the coconut petiole and roots several 
whitish incipient sporophores with horizontal pilei were formed one below 
the other. But here again there was no sporulation. 


Pure cultures of the fungus grown on coconut roots were forwarded to 
Dr. Wiltshire, Director of the Commonwealth Mycological Institute, England, 
for favour of identifying the fungus. He writes to say that it was referred 
by him to Dr. W. R. R. Findlay, who has reported that the fungus agrees 
with Trametes cervina (Schw.) Bres. He has however added that he could 
not find spores either in the original material or in the cultures he grew from 
them and that therefore he could not confirm the identity of the species with 
certainty. This genus of the pathogen has not been recorded on this host 
from India. This fungus has however been recorded on C. sinensis from 
South Africa (Doidge, 1950). 


In order to find out whether the isolate is capable of causing damage 
to Citrus, inoculations were carried out on the stem and branches of young 
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plants of C. sinensis and C. aurantium. In one series the culture of the 
fungus was placed over the bark in crotches and covered by tying alkathene 
sheets. In another series the bark was cut and raised as is done while bud- 
ding, with sterilised scalpel and the culture placed between the bark and the 
wood and then tied with alkathene sheets. Controls were kept wherein 
similar treatments were given except for the addition of fungal cultures. 
Even after four months there was no evidence of infection in the first series 
of inoculated plants. But in the second series extensive delveopment of 
thick white mycelial mats over and under the bark was visible in all the 
inoculated plants. The wood was discoloured. The tissues had been 
penetrated and plenty of gum formation was evident. Callus had not formed. 
In the controls callus had formed in the wounded series and the wound had 
healed up. There was neither discolouration nor gum formation. It was 
established that the fungus could infect Citrus stem through wounds only. 
The infection progressed readily involving more and more of the tissues but 
there was actually no breakage of the limbs. Nor was this expected as the 
plants were small and not in bearing and consequently there was no extra 
weight acting at the ends of the branches. Die back symptoms were exhi- 
bited by the infected branches in six months. However the responsibility 
of the fungus in causing damage to the stem and thus weakening the tissues 
was proved. In the orchards in the tract mentioned above Arbela tetraonis 
was found to be infesting Citrus heavily. The insects were eating away the 
bark extensively and boring into the bark especially at the crotches. These * 


wounds would be very helpful in the fungus gaining entry into the tissues 
of the host. 


The initiation of the infection at the crotches and the prevalence of insect 
infestation in the tract suggested that protection of the crotches with a fungi- 
cide after destroying the insect might prove useful in preventing the damage. 
To assess the usefulness of this method trials were laid out in a private 
garden. In one set of trees the galleries formed by the insects were carefully 
scraped and a mixture of petrol and naphthalene injected into the bores made 
by the insects (Ramakrishna Iyer, 1940). After this operation Bordeaux 
mixture (10-10: 50) was painted over the bark at the crotches and extending 
up to one foot on the stem and the limb. Another set of trees was left as 
control without any treatment. The application of Bordeaux mixture was 
repeated after six months. At the end of one year twenty per cent. of the 
control trees exhibited breakage of one or more limbs while there was no 
incidence of limb breakage in the treated trees. 


The protective action of this treatment was evident only when it was 
carried out before the fungus had invaded the tissues. Moreover the 
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application of the fungicide had to be repeated. The adoption of these 
measures after infection had progressed was of little value. It is recom- 
mended that frequent inspection of the orchard be made to detect the inci- 
dence of insect infestation and the adoption of timely control measures. 
Whenever limb breakage has occurred the wounded surface on the stem 
is to be planed smooth after removing the discoloured wood. The exposed 
surface is to be painted with twenty-five per cent. creosote oil or Bordeaux 
paste (Uppal and Kamat, 1936). Over this a coating of zinc white or any 
other waterproof coating may be given to prevent ingress of rainwater. 

I am indebted to Dr. Wiltshire for the help in the identification of the 
fungus. I am thankful to Sri. P. Govinda Rao, Lecturer in Mycology, 
Agricultural College, Bapatla, for help in the conduct of the trials, and for 
supplying the photographs of the trees showing the disease symptoms. 


SUMMARY 


In several orchards in the districts of North Arcot and Cuddappah limb 
breakage of oranges and limes has been prevalent in recent years causing 
damage to the trees in full bearing. This occurs in the months of October 
to December and is aggravated by strong winds. Trametes cervina is asso- 
ciated with this. This fungus is able to infect the bark and wood through 


wounds. Eradication of the insects infesting the crotches and painting 
the bark with Bordeaux mixture are recommended as preventive measures. 
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EXPLANATION OF PLATES 
Piate XIII. (1) Broken limb in C. sinensis. .(2) Broken limb in C. aurantifolia. (3) Cul- 
tures of the fungus on coconut petiole, coconut roots and Citrus stem (the two right side flasks). 


PiaTe XIV. (1) and (2) Inoculated fork and stem of C. sinensis and C. aurantium respec- 
tively. (3) Control. Note the formation of callus over the wound. 
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EFFECT OF GROWING COTTON IN ROTATION 
WITH DIFFERENT CROPS ON STRUCTURE 
OF BLACK COTTON SOIL 


By T. L. DESHPANDE, D. K. BALLAL AND R. J. KALAMKAR, F.A.Sc. 
Nagppur 


Received February 10, 1955 


It has been observed that soils under the influence of different cropping 
systems undergo specific structural changes. Many studies have been made 
in different countries on the effect of various crops and cropping systems 
on soil structure. The outstanding investigations of W. R. Williams (1935) 
who developed the concept that soil structure was the key to fertility and 
that a grass-land system of agriculture was the means of achieving a desirable 
structure, are too well known. Relatively little work has been done on the 
effect of common rotational practices on the structure of the soil in this 
country in general and in Madhya Pradesh in particular. A rotational experi- 
ment is being conducted on the Experimental Farm, Akola, Madhya Pradesh, 
for over 20 years. Opportunity was, therefore, taken to study the effect 
of some common and suitable crop rotations of this tract on the structural 
condition of the soil and the investigation, reported in this communication, 
is an attempt to that end. 


EXPERIMENTAL 


The soil of the Farm is a heavy clay and is a representative of the typical 
black cotton soil of the tract. The soil profile shows uniform black colour 
upto 30 inches depth from the surface, then becoming greyish brown below 
that depth. Kankars are present throughout the profile, the amount increas- 
ing with depth. The mechanical composition of the soil is given in Table I. 


TABLE I 
Mechanical composition of the soil 
(Per cent. on oven-dry basis) 


Coarse Fine 
Moisture Carbonate Sand Sand Silt 


8-34 4-97 5-81 12-00 20-47 
8-78 5-42 5-95 11-14 18-45 
8-56 7-32 4:12 10-51 17-91 
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Depth Clay pH 

” 

0-10 49-80 7-8 

10-26" 51 

26-47" 53-32 8-2 
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A field experiment is in progress at the Farm since 1931-32 in which 
cotton, juar and groundnut are grown in different rotations. The experi- 
ment is a very comprehensive one involving the effect of seven different 
treatments on cotton crop. Out of these seven treatments, the following 
three were selected for our study. 


Treatment A: Cotton grown year after year. 
Treatment B: Cotton followed by juar in alternate year. 


Treatment C: Three course rotation. First year cotton 
followed by juar in second year followed 
by groundnut in third year. 


The field is divided into five blocks and each treatment is replicated in 
the five blocks in a random manner. The size of the plot is 1/20 of an acre 
and sufficient space between adjacent blocks and plots has been provided to 
facilitate cultural operations. All these plots did not receive any manurial 
treatment from 1931-32 to 1939-40. However, since 1940-41, they are 
receiving 40 lb. of Nitrogen once in three years, half in the form of F.Y.M. 
and half in the form of Ammonium Sulphate at sowing time. As is the usual 
practice with the cultivators of this tract, these plots were ploughed once in 
three years since the commencement of the experiment. 


For investigating the structural changes, a composite soil sample for 
each plot was taken by mixing equal quantities of soil from ten different 
spots taken at random. Each block contains six plots under the three treat- 
ments studied. Thus thirty samples were collected for three treatments 
from all the five blocks from 0-6” layer while for 6-12” layer, the number 
of samples was twelve as they were taken from two blocks only. These 
samples were taken in the month of October 1953. 


METHODS EMPLOYED 


In the present study, the following methods have been used for evaluating 
the structural changes in the soil that might have been brought about as a 
result of different rotations. 


(i) Water-stable aggregates. 

(ii) Total porosity and volume weight. 
(iii) Volume of large pores. 

(iv) Dispersion coefficient. 


(v) Permeability. 


a 
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(i) Water-stable aggregates 


Aggregate analyses were carried out by wet sieving, using an adaptation 
of the Bouyoucous (1935) method. The adaptation became necessary in 


order to obtain reasonably reproducible results. The method used finally 
is as follows :— 


A sample of 50 gm. of air-dry soil consisting of 5-10 clods of nearly 
equal size was submerged in water for half-an-hour. The contents were 
then subjected to sieving analysis by hand as described by Bouyoucous. The 
quantity of aggregate material > 2mm., >1mm.,> -5mm. and over 
-2 mm. was determined after removal of sand from the respective fractions. 
The aggregated silt and clay were determined by undispersed water suspen- 
sion and the crumbs between 0-2 to -02 mm. were found out by difference. 


(ii) Total Porosity and Volume Weight 


Total porosity and volume weight were determined in the usual way 
in the undisturbed soil core samples taken for permeability studies. 


(iii) Volume of large pores 


An indication of the distribution of pore space was obtained by taking 
measurements to show the division of total pore space into large and small 
pores, in other words, finding the so-called non-capillary and capillary poro- 
sities. The volume of pores drained when the pressure deficiency of the 
samples was increased from zero (saturation of sample) to 40c.m. water 
(pF 1-6) was taken as the value for volume of large pores as suggested by 
Nelson and Baver (1940). 

(iv) Dispersion Coefficient 


Dispersion coefficient was calculated by determination of the silt and 
clay in the undispersed suspension by Puri’s method (1930). 
(v) Permeability 


(a) Permeability of undisturbed core samples.—Permeability is measured 
quantitatively in terms of rate of percolation of water through a column of 
soil under specific conditions. The samples used for this study were the 
core samples 3” in diameter and 3” in height taken in metal cylinder with 
the least possible disturbance of natural structure and volume by using the 
core sampler and the rates of percolation through saturated samples have 


been determined as per procedure laid down by R. E. Uhland and A. M. 
O’Neal (1951). 


(b) Permeability of the disturbed samples.—In determining the percola- 
tion rates through disturbed samples, the only difference was that instead 
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of the metal cylinder being filled with soil in the natural condition, it was filled 
with soil clods of nearly equal size as were used in the aggregate analysis. 
The soil cylinder was submerged in water overnight, the swollen portion of 
the soil being chopped off clean the next day. The percolation rates were 
then measured exactly in similar manner as in the case of undisturbed cores. 


RESULTS 


The results presented in Tables II-VIII relate to the soil samples from 
0-6” layer. 
TABLE II 
Results of aggregate analyses 
(Per cent. on oven-dry soil) 


Sl. Cotton Cotton followed Three Course Rotation 
No. Rotation continu- by Juar Cotton-Juar-Groundnut 
ous 
A B 
Crop in 
the Plot Cotton Cotton Juar Cotton Juar Groundnut 
Particle size 
mm. 
1 >2 0-49 0-31 0-50 0:27 0-60 0-35 
2 2-1 1-39 1-01 1-09 0-87 0-91 0:56 
3 1--5 8-42 8-24 7-28 7°51 5-80 4-64 
4 37-83 39-46 39:46 39-09 37-52 37-57 
5 -2--02. 15-43 14:90 15-54 16-08 19-89 21-34 
6 <-02 6-70 6-30 6-39 6°44 5-53 5-81 
7 Degree of Aggre- 
gation. Mean 68-46 69-29 64-38 


for rotation 
8 Single value figure 


for surface area. 595-7 589-3 587-6 
Mean for rota- 
tion 
Statistical Analysis for Degree of Aggregation Statistical Analysis for single value figure for 
Surface Area 
C.D. at 5% level for AB... 5-98 C.D. 5% forAB  .. 62-81 
AC .. 5-66 AC oo 
BC .- 4°46 BC .- 41-87 


Result BA C Result ABC 
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Water-stable Aggregate Analysis 


The results of aggregate analyses are presented in Table II. Each value 
is the mean of five replications, the analyses of each replicate being carried 
out in triplicate. 

(i) Degree of Aggregation 

The figures from Table II have been plotted in the form of summation 
curves with a logarithmic scale for particle diameters, and are shown in 
Fig. 1. For comparison, Fig. 1 also shows a mechanical analysis curve of 
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the Farm soil. It would be seen on examining Table II and Fig. | that the 
proportion of soil aggregates of different grades is of the same magnitude 
in all the three rotations. 


In order to compress the data from an aggregate analysis into a single 
figure, it is customary to quote the degree of aggregation at a given minimum 
aggregate diameter. Though no two investigators have agreed on this limit, 
it is generally accepted that only those aggregates that are larger than 
0-25 mm. in diameter are responsible for stable soil structure. However, 
in the present study, the diameter has been taken as -2 mm. for calculation 
of the degree of aggregation. The mean values for the degree of aggregation 
(Table Il) range from 64-69, the highest value being obtained in the case of 
Cotton-Juar rotation. In comparing the treatments, it may be noted that 
the difference between the Cotton-Juar over Cotton-Juar-Groundnut alone 
just exceeds the critical difference at 5% level. In general, therefore, there 
is no appreciable change in the proportion of silt and clay aggregated in 
crumbs > -2mm. under the different rotations. 


(ii) Relative Surface Area 


The structural condition of the soil can also be judged by the relative 
surface area as suggested by Cole (1939). In the present studies, however, 
a single value figure for the surface area contributed by all the soil aggregates 
has been worked out according to the procedure described by Basu and 
Kibe (1946). 


Reference to row No. 8 of Table II shows that the average values for 
surface area differ very slightly from treatment to treatment. The critical 
difference for any two treatments exceeds many times the difference between 
the means for those treatments, thus indicating that rotations have hardly 
caused any difference in the structural condition of the soil. In this connec- 
tion, it may be noted that Kibe and Basu (1952) used this value in order to 
bring out prominently the small differences in the structure of the soil which 
could not be brought out by the commonly used size distribution curve. 
Considering the fact that very slight changes in the finer fraction affect this 
value greatly, it will be evident that the aggregation of soil has not changed 
under the different rotations even on consideration of the soil crumbs of 
lower dimensions. 

Dispersion Coefficient 


Dispersion coefficient is the other value which is commonly taken as an 
index of soil aggregation. It indicates the proportion of silt and clay which 
is dispersed and remains suspended in water. As such, higher this ratio, 
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lower will be the proportion of aggregated silt and clay. The values for the 
coefficient are presented in Table III below. 


TABLE III 
Dispersion coefficient 


Cotton Cotton followed Three course rotation 
Treatment continuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in 
the Plot Cotton Cotton Juar Cotton Juar Groundnut 
Block No. 
I 11-10 12-60 12-46 10-85 10-39 7°75 
Il 10-67 10-42 9-46 11-85 7°58 7°54 
Ill 6°44 10-77 7°15 8-51 8-36 7°12 
IV 6-29 5-44 8-22 6°33 9-86 9-29 
Vv 9-61 5-76 8-18 9-25 6°76 6°55 
Mean for rota- 
tion 8-82 9-04 8-53 
Statistical Analysis.—S.E. % 9-0 
C.D. for AD ... 
AC .. 1-902 Result BAC 


A scrutiny of the data in Table III reveals that practically the same 
percentage of silt and clay has remained unaggregated under the different 
rotations. 

Volume Weight 


Volume weight is another value which determines the structure of a soil 
as much as any other single factor. Granulation encourages a pluffy porous 
condition and hence a lower value for the volume weight indicates a better 
structure of the soil. In the present study, it was determined by 
undisturbed core samples and the values are recorded in Table IV. 


It will be seen from the values given in Table IV that so far as volume 


weight is concerned, the physical condition of the soil has not undergone 
changes under the various rotations. 
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TABLE IV 
Volume weight 
Cotton Cotton followed Three course rotation 
Treatment continuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in 
the Plot Cotton Cotton Juar Cotton Juar Groundnut 
Block No. 
Ill 1-12 1-12 1-26 1-09 1-01 1-18 
IV 1-22 1-15 1-06 1-10 1-04 1-12 
Vv 1-08 1-08 1-02 1-12 1-02 1-26 
Mean for rota- 
tion 1-14 1-11 1-11 
Statistical Analysis —S.E. % 3-8 
C.D. at 5% level AB +2642 
-1085 Result A BC 
-0858 
TABLE V 


Total pore Space 


(% by Volume) 


aa Cotton Cotton followed Three course rotation 
Treatment continuous by Juar Cotton-Juar-Groundnut 
A B Cc 
Crop in 
the Plot Cotton Cotton Juar Cotton Juar Groundnut 
Block No. 
Il 60-77 57-62 55-80 59-15 65-61 58-61 
IV 54°81 58-42 59-12 58-83 63-20 60-83 
Vv 59-40 59-16 61-06 58-28 63-19 52°81 
Mean for rota- 
tion 58-33 58-53 60-06 
Statistical Analysis.—S.E. % 
C.D. at 5% levelfor AB... 4-233 
AC.. 3-993 
BC.. 3-155 Result CBA 
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Porosity 


Total porosity and volume of large pores are listed in Tables V and VI 
respectively. 
TABLE VI 
Volume of large pores 
(% by Volume) 


Cotton Cotton followed Three course rotation 
Treatment continuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in 
the Plot Cotton Cotton Juar Cotton Juar Groundnut 
Block No. 
I 19-32 20-46 21-59 20-46 22-16 20-46 
Il 21-02 21-02 22-16 21-59 23-29 18-43 
Ill 26-13 23-29 20-40 25-00 21-59 18-75 
IV 21-59 18-43 23-86 19-08 17-11 21-05 
Vv 19-73 20-46 21-02 18-43 17-76 17-11 
Mean for rota- 
tion we 21-56 21-27 20-15 
Statistical Analysis —S.E.% 


C.D. at 5% level for AB .. 2-2468 


AC .. 2-1183 Result ABC 
BC... 1-6748 


The values for total porosity in Table V range between 58-33 to 60-06 
and the differences are not statistically significant. Soils under the different 
rotations have practically, therefore, the same total pore space. 


In heavy soils the total porosity is not so important for characterising 
structural properties as the relative distribution of the pore sizes. Because 
even though they contain large amount of total pore space, the movement 
of air and water will be restricted to a great extent if they do not contain a 
reasonable proportion of large pores. It is therefore necessary to examine 
this point further by taking into consideration the values for large pores 
recorded in Table VI. A scrutiny of this table will reveal that the percent- 
age of large pores under all the rotations is more or less the same and when 
compared with the total pore space, their proportion works out to about the 
same magnitude in each case. It seems, therefore, that there is no structural 
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variation under the different rotations even if the consideration of porosity 
is restricted to volume of large pores. As stated earlier, the volume of large 
pores is taken as the volume of pores drained at pF 1-6. 


Permeability 


The movement of water and air through soil which is the primary 
function of the structure, is related to the size and arrangement of the pores. 
A better approach for evaluation of the structure, therefore, should include 
a method which takes into account the movement of water through undis- 
turbed arrangement of the soil particles. Measurement of aggregation and 
other laboratory tests are of assistance but they cannot be considered ade- 
quate to indicate the natural condition of the soil as they are carried out 
after disturbing the arrangement of soil particles. Once the natural arrange- 
ment is disturbed in the laboratory, there is no way of reconstructing it. It 
is mainly because of these considerations that the direct permeability measure- 
ments through undisturbed soil core samples have received widespread 
recognition in recent years. 


(a) Rates of percolation through undisturbed core samples.—The rates of 
percolation through the undisturbed core samples are recorded in Table VII. 


TABLE VII 


Rates of percolation through undisturbed soil core samples 
(inches per hour) 


Cotton Cotton followed Three course rotation 
Treatment continuous 7 Cotton-Juar-Groundnut 
A 


Crop in Cotton Cotton Juar Cotton Juar Groundnut 
the Plot 


Block No. 
lll 0:50 3-37 0-33 0-91 4-08 0-22 


IV 0-03 2°29 5-49 2°68 3-54 0-25 
Vv 5-19 1-21 10-88 2°59 5-10 0-28 


Mean for rota- 
tion 1-90 3-92 2-13 
Statistical Analysis —S.E.% .. 42°9 
C.D. at 5% level for AB... 2-529 


AC... 2-384 Result BCA 
BC... 1-68 
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It will be observed from the mean values in Table VII that there is very 
little difference between the percolation rates in different rotations and sta- 
tistically the difference is insignificant. Closer scrutiny of the table shows 
that there is a wide range of variation between the values for samples from 
different blocks, the percentage of standard error being as high as 42-9. Only 
one sample was taken from each plot. Uhland and O’Neal (1951) have, 
however, recommended that, due to a great variability in the values, at least 
a minimum of six determinations should be carried out for permeability 
studies. As the number of metal cylinders available was limited it was not 
possible to take more than one sample per plot. 

(b) Rates of percolation through disturbed soil samples.—Percolation 
rates through disturbed core samples have also been studied. It is no doubt 
observed that permeability values obtained in the laboratory in general, do 
not agree, with the field percolation rates, yet the work of Fireman and others 
(1944), indicate that the disturbed soil samples can be used advantageously 
to study the relative changes in percolation rates, brought out by different 
treatments. They have further shown that because of its extreme sensitivity, 
soil permeability as determined in the laboratory may be one of the best, 
if not the best, criterion of soil structure available. In view of this, it was 
considered desirable to supplement the data regarding the rates of percola- 
tion through undisturbed soil samples by permeability values obtained in 
the laboratory. These values are recorded in Table VIII. 


TABLE VIII 


Rates of percolation through disturbed soil samples 
(inches per hour) 


Cotton Cotton followed Three course rotation 
Treatment continuous by _— Cotton-Juar-Groundnut 
A 


Crop in 
the Plot Cotton - Cotton Juar Cotton Juar Groundnit 


Block No. 
Il 


4-52 3-12 3°32 2-17 3-25 3-53 


IV 
Mean for rota- 


2:26 
1-90 


2-78 
2-70 


2°32 2°63 2-39 
2°25 2°54 3°18 3-27 


tion 2°89 2°78 2-82 
C.D. at 5% level for A 


AC ..  -883 Result ACB 
*697 
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The first point which the data in Table VIII brings out is that the varia- 
tion in the values is much lower than what has been observed in Table VII. 
The percentage of standard error has been appreciably reduced, i.e., from 
42-9 to 12:2%. The mean values also indicate that there is no significant 
difference between the mean values for any two rotations. Thus laboratory 
tests of percolation also do not reveal the superiority of one rotation over 
the other. 


Structural changes in 6-12" layer 


In order to investigate into the effects of different rotations in the lower 
layer, i.e., 6-12”, determinations were also carried out in samples from two 
blocks and the results are presented in Table IX. For comparison the values 
for 0-6” layer are also shown side by side in the table. 


TABLE IX 
Structural values for samples from 0-6" and 6-12” layers 


Three course 

Continuous Cotton-Juar rotation 
Treatment ° Cotton Rotation Cotton-Juar- 
Groundnut 


Depth 0-6” 6-12" 0-6” 6-12” 0-6” = 6-12” 


Values 
Degree of Aggregation 68-4 66-2 69-2 71-1 64-3 65-8 


Single value for sur- 
face area .. 595°7 575°4 589-3 563-1 587-6 556-3 
Dispersion Coefficient 8-8 7:0 9-0 8-8 8-5 


Rate of Percolation 
through undisturb- 
edcore samples .. 1-9 0-9 3-9 2-0 2:1 1:5 


Values recorded in Table IX show that there is not much difference 
between the mean values for 0-6” and 6-12” layers thus indicating that the 
structural condition of the soil does not vary in the 12” surface layer. 


Effect of Standing Crops on the Structure 


So far the effect of rotation as a whole has been described. In this, 
the values for the different crops in the rotation have been averaged for 
calculating the mean value for the rotation. 
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It was also considered desirable to study the effect of standing indi- 
vidual crop in a rotation on soil structure. The rotations chosen are:— 


(1) Cotton-Juar and 
(2) Cotton-Juar-Groundnut 


The mean values of various determinations for different crops in the cotton- 
juar and cotton-juar-groundnut three course rotation, with the respective 
critical differences are presented in Table X. 


It will be seen from Table X that none of the differences in mean values 
for cotton and juar crops in cotton-juar rotation has reached the level of 
significance. When the differences in the mean values for cotton, juar and 
groundnut crops in the three course rotation are compared with their res- 
pective critical differences given (Column 8), it will be observed that out of 
the possible 24 comparisons, in two cases only, i.e., total porosity and rate 
of percolation through undisturbed soil cores, juar crop is showing sig- 
nificantly higher values than groundnut. As has already been pointed out, 
those determinations could not be carried out on adequate number of samples, 
and as such, much emphasis cannot be placed on its significance. Taking 
into consideration the values for all determinations in the two rotations 
mentioned above, it appears that none of the standing crops of the year had 
any pronounced effect on the structure of the soil. 


DISCUSSION 


In this paper an effort has been made to have as complete a picture of 
the structural condition of the soil as possible by employing as many as eight 
different methods of evaluation, some of which are completely independent 
of each other. The foregoing results have clearly shown that the soil is in 
more or less the same structural condition under all the different rotations. 
These observations are of special interest when it is remembered that the 
experiment is in operation for more than 20 years and the effect of different 
cropping practices can, therefore, be considered as stabilised. 


Several investigators in other countries [Heltzer (1934); Rostovzeva 
and Avaeva (1935); Williams (1935); Woodruff (1939); Lutz (1941); Johns- 
ton, Browning and Russell (1943); Elson (1944); Myers and Myers (1944): 
Gish and Browning (1949); Uhland (1950); Barel and Schaller (1951); 
Bolten and Webbin (1952)] have, however, observed that soil structure is 
materially influenced by the cropping system. Since the findings in the 
present investigation are at variance with those of the above workers, it will 
be of interest to examine certain factors which are likely to throw some light 
on these apparently dissimilar results. 
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It is interesting to note that in other countries, marked effect in the im- 
provement of soil structure, as a result of cropping system, has been observed 
generally in case of those crop rotations which include grass as one of the 
rotational crops. Improvement in soil structure has also been noticed, 
though to a lesser extent due to close-growing legume crops. The beneficial 
effect of a grass crop in rotation will be obvious from the results of Wilson, 
Rogger, Gish and Browning (1947). The percentage of water stable aggre- 
gates > 1 mm. in corn in rotation was 23-3 while in case of meadow in rota- 
tion it was as high as 42-2. Similarly, Doirenko (1933) reported that the non- 
capillary porosities of fields in permanent fallow, in flax in rotation without 
grass and in flax rotation with grass were 4-9, 5-2 and 19-7% respectively. 
It may specially be noted that the rotation did not materially affect the struc- 
ture until grass had been included. The fact that no grass was included in 
any of the rotations studied in the present investigation may partly explain 
the uniformity maintained in the structural condition of the soil. 


As regards the favourable effects of a leguminous crop on soil structure, 
it may be effective when it developes a deep large fibrous root system or when 
maximum portion of the plant material, in the green stage or as crop residues, 
is returned to the soil. Beneficial effect on soil structure has been observed 
by Woodruff (1939) and Lutz (1941) by growing a leguminous green manure 
crop and by Uhland (1950) by including such close growing crops with deep 
large roots like lucerne and Kudzu. Myers and Myers (1944) have also 
observed that about 50% higher total aggregation was found in samples taken 
from plots which were under a rotation including lucerne or sweet clover 
than in samples similarly taken in a rotation from which the legume was 
omitted. It is true, that one of the rotations in the present case does include 
a leguminous crop, i.e., groundnut but it is not used as a green manure. 
Moreover, since it is a short duration crop, it is not likely to develop a deep 
extensive root system. Besides, as is the practice in this tract, all the above 
ground portion of the crop along with some underground portion is removed 
from the soil when the crop is harvested. This might explain why the inclu- 
sion of groundnut crop in rotation did not bring out the beneficial effect on 
soil structure. 


In the formation of stable soil structure, the length of time the soil 
remains undisturbed, is also an important factor. Russian workers (1940) 
who followed the effect of pasture on the structure of the soil found that two 
or three years were necessary to produce any noticeable improvement. The 
crops grown in the rotations studied, do not remain in the soil for more 
than one season. Moreover, the soil is ploughed once in three years, two 
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bukherings are given every year at the time of preparing the seed bed and 
two or three hoeings are given when the crop is standing in the soil. Assum- 
ing, therefore, that the growing crop affects the structure of soil, directly 
or indirectly, the effects caused by crops like cotton, juar and groundnut, 
are either not so vivid as will come within the measurable limits of the differ- 
ent methods of evaluation, or the differences might have been obscured by 
the various cultural operations carried out from time to time thus bringing 
the soil to a uniform level, of structural condition. 


There is another important point in respect of black cotton soil. It 
has been said of this soil that ‘“ it ploughs itself’. The formation of deep 
and large cracks, as the soil dries after the end of the monsoon rains and the 
filling of those cracks when the next rains begin together with the tremendous 
volume changes when the soils wet and dry, must result in breaking up the 
soil clods and thus mixing of the soil material both vertically and horizontally. 
Evidently, this characteristic cracking and mixing is more conducive towards 
bringing the soil to a uniform structural condition. 


Determinations for evaluation of the structure when carried out separately 
on 0-6” and 6-12” layers did not reveal any difference in the aggregation thus 
indicating that physical properties of the soil in the surface 0-12” layer under 
the different rotations, are more or less similar. 


Comparison of plots having different crops under the same rotation 
also showed that there was no significant difference in the structural condi- 
tion of the soil under cotton, juar and goundnut crops. In this connection 
reference is made to the work of Basu and Sirur (1943). These workers 
in their study of soils of the Deccan canals evaluated the structure by deter- 
mination of a single value index for soil tilth and dispersion coefficient. They 
found that the soil tilth, on the basis of this index, did not differ significantly 
after taking cotton, juar and groundnut crops and the dispersion coefficient 
also showed the same trend. Recently, Kibe and Basu (1952) studied the 
effect on soil structure of continuous growing of certain kharif crops over 
ten years and have found that the overall effect of growing cotton, ground- 
nut and juar on the structure of the soil is practically of the same magnitude. 


The results obtained in the present investigation regarding the effect 
of kharif crops namely, cotton, juar and groundnut on the structure of the 
soil, are thus in agreement with these workers. 


SUMMARY 


Results of an investigation carried out to study the effect of growing 


cotton in rotation with juar and groundnut on the structure of black cotton 
soil are presented and discussed. 
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The rotations studied were:— 
(a) Cotton grown continuously year after year; 
(5) Cotton and juar grown in alternate years; and 
(c) Cotton-juar-groundnut in three course rotation. 


Determinations made for evaluation of structure and the ranges of 
values obtained were :— 


(i) Degree of aggregation .. ; .. 64-4 69-3 
(ii) Single value figure for surface area -» 587-6-595-7 
(iii) Dispersion coefficient .. 8-5- 9-0 
(iv) Volume weight 1-11- 1-14 
(v) Total pore space .. 58-3- 60°1% 
(vi) Volume of large pores .. sie .. 20°2- 21-6% 
(vii) Rate of percolation through undisturbed soil 
core samples . . 1-9- 3-9 inch per hr. 
(viii) Rate of percolation — disturbed soil 
samples 2:7- 2-9 inch per hr. 


No significant differences in the structural condition of the soil were 
observed in plots under the three different rotations, both in 0-6” and 6-12” 
layers. 


The lower 6-12” layer did not show any structural difference from the 
surface 0-6” layer. 


None of the standing crops of the year, i.e., cotton, juar and groundnut 
showed any pronounced effect on the structure of the soil. 
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